Background: It is crucial to accurately differentiate HGGs from LGGs, as treatment strategies vary. Our study aims to assess the sensitivity and specificity of fractional anisotropy (FA) values derived from diffusion tensor imaging (DTI) and dynamic contrast enhanced perfusion-weighted imaging (PWI) in differentiating HGGs from LGGs. Materials: 15 patients with HGGs and 9 LGGs were examined. Mean, Minimal and Maximal FA fractional anisotropy in tumour, necrotic area and in surrounding oedema, as well as (rCBV) ratio of the lesions were measured and compared between LGG and HGG. The efficacy of the above parameters in grading gliomas was evaluated. In perfusion MRI, we measure rCBV ratio as parameter of neovascularity of tumour. Results: The use of MR DTI had an important role in the grading of brain gliomas as it was accurate in grading 24 cases. There was significant correlation between histopathological grade and FA values measured in tumour and necrotic areas. No positive correlation in perifocal areas could be established. Our results show significant difference between HGG and LGG with mean rCBV ratio as 2.62 & 0.79 with best cut-off value (1.2). Combined use of MR DTI and MR perfusion added to the accuracy of grading of glioma.
Introduction
Imaging plays a crucial role in the management of patients with brain tumours, and the development of new MRI imaging techniques strongly improved the detection and characterization of brain tumours (1) .
Advances in imaging, are being used by neurosurgeons to target aggressive areas in gliomas, and to help identify tumour boundaries, functional areas and tracts. Neuro-oncological surgeons need to understand these techniques to help maximize tumour resection, while minimizing morbidity in an attempt to improve the quality of patient outcome. Multimodality MRI is being used for pre-operative imaging assessments and allows informed decisions on operative planning and surgical resection. Each technique has specific advantages over standard imaging (2) .
Gliomas are the most common primary tumours of the central nervous system and represent about one third of all intracranial tumours in adults. MRI has been the lifelong established method for evaluating such tumours both before and after treatment. However the use of conventional MRI limits the application of MRI to the morphological information. The newly developed concept of obtaining both morphological and physiological information in a single examination is highly attractive. Roberts et al. study described physiologic imaging as incorporation of many tools. It includes evaluating blood volume, diffusional motions, vascular permeability as well as the cellular metabolic profiles (3) .
Hartmann et al. study pointed that despite optimization of sequences and protocols, the classification and grading of gliomas with conventional MR imaging is sometimes unreliable, with the sensitivity for glioma grading ranging from 55.1% to 83.3% (4) .
A point of prime importance is that contrast agents in use, are actually non-specific to tumour tissue and their grade, but rather, they enhance in area where the blood-brain barrier has become permeable. Thus we needed to apply a technique that actually assesses tumour neovascularity rather than contrast leakage. This was possible by applying perfusion MR technique (5) .
Moreover, the prognosis for patients with gliomas relies on the histopathology grading, whereas the prognosis for those with high-grade gliomas (HGGs) remains very poor compared to the low-grade gliomas (LGGs) (6) . In patients with HGGs, surgical resection followed by adjuvant chemo-radiotherapy represents the standard of care (7) . As for those with LGGs, the optimal therapeutic measure includes offering extensive resection of the tumour, if possible, and delaying adjuvant radiotherapy postoperatively until the time of glioma progression (8) . So, it is crucial to accurately differentiate HGGs from
LGGs preoperatively, as well as follow-up on LGG tumours with early detection of any residual/recurrent tumoural regions (see Figs. 1 and 2).
Dynamic susceptibility-weighted contrast-enhanced perfusion-weighted imaging (DSC-PWI) is a well-established technique in grading cerebral gliomas and predicting prognosis (9) (10) (11) (12) (13) . Law et al. proposed a relative cerebral blood volume (rCBV) ratio cut-off value of 1.75 to distinguish LGG from HGG (11) .
As an advanced magnetic resonance images (MRI) technique, diffusion tensor imaging (DTI) provides visibility into the motion of water molecules. Fractional anisotropy (FA) is the commonly used key metric of DTI, which represents a metric of the directionality of molecular movement (14) . The value of FA in preoperative grading of gliomas is still controversial.
The purpose of this study is to evaluate various imaging parameters, including maximal rCBV, Mean, Min and Maximal FA that may aid in differentiation of LGG from HGG.
Materials and methods
MR examinations of 24 patients (mean age 29 ± 13) were done, 18 male, 6 females with brain tumours. Biopsy of all patients was done and there were 9 patients with LGG and 15 patients with HGG. A standard 1.5 Tesla unit (Gyroscan T10 NT, Philips) with a standard head coil was used. All patients were subjected to the following MRI protocols; All the diffusion-weighted images were transferred to the workstation and images were post-processed using the Philips software devised for tractography. The maps obtained were as follows: FA maps, directionally encoded color FA map, 3D fibre tractography maps. The direction and anatomy of the tracts are seen in the directionally-encoded FA maps, where a specific color is assigned to tracts running in the three orthogonal planes. A 3D display of tracts was created. For creating 3D fibre tracts, a ROI (or seed) was drawn (placed) along the course of the tract in the (axial, sagittal or coronal) color encoded FA map in single or consecutive sections. The software then automatically traces the assigned tract and presents it in a 3D manner. Three regions of interest (ROIs) were drawn at tumour solid portion, perifocal area and necrotic area of tumour where FA values are measured. Color-coded DTI maps were analyzed, followed by tractography of individual tracts. In most of patients the tumour was isolated to one hemisphere, The location of each tract and its hue on directional color maps were classified as normal or abnormal, based on comparison to the homologous tracts in the contralateral hemisphere, which were unaffected by tumour. We adopted the criteria developed by Cruz et al at 2007 to classify fibre tract involvement into 4 categories: Deviated (Displaced), Oedematous, Infiltrated and Destructed (Disrupted). For perfusion MRI, series of 40 images was obtained and analyzed, and the start-and end-points of the first pass transit were calculated from the means of the signal intensities of all the pixels covering the brain. Because the change in the T2 * relaxation rate is linearly proportional to the concentration of contrast in the tissue, the same was calculated on a pixel-to pixel basis using the formula ((S/So)/TE), where So is the baseline signal intensity, S is the change in the signal intensity and TE is the echo time. Thus a time-signal intensity curve was essentially changed to a time-concentration curve.
Analysis was then performed on the time-concentration curve and the various perfusion parameters were calculated. The relative cerebral blood volume (rCBV) maps were generated from an integration of the DR2 * values from the start to the end of the first pass of the contrast. The rCBV of the tumour was normalized with respect to that of the contralateral normal white matter taken as a reference. The CBV and CBF maps were analyzed with respect to heterogeneity on visual inspection and by placing region of interests in hot spots of the tumours. The rCBV ratios were normalized with respect to the contralateral white matter.
Data were analyzed using Statistical Program for Social Science (SPSS) version 18.0. Quantitative data were expressed as mean ± standard deviation (SD). Qualitative data were expressed as frequency and percentage.
The following tests were done:
Independent-samples t-test of significance was used when comparing between two means. Chi-square (X 2 ) test of significance was used in order to compare proportions between two qualitative parameters. Pearson's correlation coefficient (r) test was used for correlating data.
Receiver operating characteristic (ROC curve) analysis was used to find out the overall predictivity of parameter in and to find out the best cut-off value with detection of sensitivity and specificity at this cut-off value, positive predictive value (PPV), negative predictive value (NPV) Probability (P-value) -P-value <0.05 was considered significant.
-P-value 0.01 was considered as highly significant.
-P-value >0.05 was considered insignificant.
The placement of ROIs in PWI and DTI data analysis was decided by consensus of 2 of the authors who have 8 and 7 years of experience in MR PWI and DTI data analysis, respectively, who were blinded to the histopathological and clinical information.
Results
Twenty-four patients, compromising 18 males and 6 females, ranging in age from 8 to 58 years with a mean age of 29 years were included in the current study. All patients were evaluated with pre-and postcontrast conventional MR studies as well as DTI and contrast enhanced MR perfusion study (Table 1) .
We studied 24 patients including 15 cases pathologically proven to have high-grade gliomas, 3 cases didn't enhance on conventional images (20%) while 9 cases proved to have low-grade gliomas, out of which 2 cases showed heterogeneous enhancement (22%).
In perfusion MRI, we measure rCBV ratio as parameter for assessment of neovascularity of tumour in hot spot technique in comparison with the contralateral area, and the results were mean rCBV ratio for HGG & LGG as (2.62 & 0.79 respectively) with cut-off value (1.2) .
This table shows the significant difference between histopathological (high and low grades) in regards of rCBV ratio, using independent sample t-test, with p-value <0.01 HS (see Tables 2-4) .
Receiver operating characteristics (ROC) curve was used to define the best cut-off value of the rCBV ratio which was >1.2, with sensitivity of 100, specificity of 100, positive predictive value of 100, negative predictive value of 100 with AUC 100.
In DTI MR examination, we do assessment of tumours by measuring FA values (Min, Max & Mean) at 3 ROIs (at solid portion of tumour, at perifocal area & necrotic area) for each patient.
First ROI: Solid tumoral portion, FA values were as in following Table 5 :
This table shows the significant difference between histopathological (high and low grades) in regard to tumour portion FA values, and there was highly statistically significant difference, using independent sample t-test, with p-value <0.01 HS.
At tumoural solid portion, ROC curve was used to define the best cut-off value for the Minimal, Maximal and Mean FA, with sensitivity, specificity, positive predictive, negative predictive values and area under the curve (AUC) for each were recorded and compared (see Table 6 ).
Second ROI: Perifocal area, FA values were as in following Table 7 :
This table shows no significant difference among histopathological grades (HGG & LGG) in regard to perifocal FA values, using independent sample t-test, with p-value >0.05 NS.
The third ROI: Necrotic area of tumour, FA values were as in following 
Discussion
The recent advances in brain tumour imaging offer unique anatomical as well as pathophysiological information that provides new insights on brain tumours, directed on facilitating the new therapeutic decisions and proving information regarding the prognosis (15) .
Conventional MR imaging readily provides evidence of enhancement, signifying blood-brain barrier breakdown, which is often associated with higher tumour grade. However, contrast enhancement alone is not always accurate in predicting tumour grade as encountered in our study.
A study by Law et al., carried out on 160 patients, reported that sensitivity for differentiation between low and high-grade gliomas with conventional MR imaging was 72.5%. (16) (17) (18) as characterization depending on contrast enhancement, perifocal oedema, haemorrhage, necrosis and mass effect, can be sometimes difficult esp. in atypical cases. Ginsberg et al. study was performed upon 50 patients, and reported that one fourth of low-grade gliomas (25%) showed enhancement and one fifth of high-grade gliomas (20%) did not (19) .
We studied 24 patients including 15 cases pathologically proven to have high-grade gliomas, 3 cases didn't enhance on conventional images (20%) while 9 cases proved to have low-grade gliomas, out of which 2 cases showed heterogeneous enhancement (22%). All patients are examined using conventional MRI pre-and postcontrast, DTI & PWI.
Regarding DTI, three spots (ROIs) were taken in FA map at the following: tumour (solid portion), perifocal area & necrotic area & were considered as parameters to our study. The values of Min, Max and Mean FA in tumour area & the value of Minimal & Mean FA in necrotic area were significantly different in HGG than that in LGG, with higher sensitivity and specificity in the grading of gliomas than the other imaging parameters. Our study could not detect any significant difference between the LGG and HGG with regard to Max, Min & Mean FA in perifocal area & Max FA in necrotic area.
Our results are in consensus with the study by Lee et al. (20) who stated that FA has been used to grade gliomas, and show a trend towards higher FA values in HGG relative to LGG.
Min, Mean and Maximal FA values at tumour areas in our study were also significantly higher in HGG when compared with LGG. These findings are consistent with the results in The mechanisms underlying the higher FA values in HGG are complex but can be attributed to the following factors as hypothesized by various authors: Higher tumour cellularity in HGG may positively correlate with higher FA values (24, 25) . Increase in the degree of directionality of water diffusion due to decrease in extracellular volume (increased cellularity) may also induce increased FA values (25) . The pseudo palisading structure in glioblastomas may contribute to the higher FA values similar to the high FA values in meningioma (26) .
Our preliminary study not only demonstrate the role of Min, Max & Mean FA in grading of gliomas, but also provided the FA color map, which could easily visualize the tumour content with high FA value. This might be useful in guiding stereotactic biopsy of gliomas, which could easily visualize the tumour content with high FA value. FA Color maps in DTI also help in accurate depiction of early recurrent or residual tumour foci for accurate treatment plans.
The sensitivity, specificity & accuracy for FA parameters according to their cut-off values in different areas of the tumour were recorded in our study, yet for any comparison, we need same standards to be scientifically & statistically dependable. There were no clear dependable cut-off values for Min, Max & Mean FA in previous studies to compare with our results, because of differences in samples sizes, ROIs, parameters & the ways parameters were calculated from our study.
The perfusion data of the brain tumours are expressed in terms of rCBV (relative cerebral blood volume), rCBF (relative cerebral blood flow) and MTT (mean transit time), however rCBV is the most important in grading of gliomas followed by rCBF which plays a less important role in tumour differentiation and grading (27) .
Wong et al. study reported a significant difference in rCBV between high-grade and low-grade gliomas, with low-grade gliomas often having homogenously low rCBV and highgrade gliomas exhibiting varying degrees of high rCBV. Again no single constant rCBV value could be given for each group (28) .
Lev et al. study reported that rCBV for low-grade gliomas is less than 1.5 ± 1.1 and the mean rCBV for high-grade gliomas is about 2.9 ± 1.5 (29) . Covarrubias et al.'s study further agreed with Lev et al.'s study monitoring rCBV values greater than 1.5 to be indicative for high-grade gliomas and homogenously low rCBV less than 1.5 to be seen in most histologically proven low-grade gliomas (30) .
Law et al. study reported in a study performed on 160 patients with cerebral gliomas, that rCBV cut-off ratio of 1.75 was a sensitive, but not specific, marker for high-grade histopathology, as all high-grade tumours had rCBV values greater than 1.75. No tumour with rCBV less than 1.75 was high-grade glioma (100% predictive value for excluding high grade) (18) .
However, increased tumour vascularity can also be found in LGG, which will result in an elevated rCBV ratio. The pilocytic astrocytoma (WHO grade I), although biologically benign, has been described to exhibit histological evidence of angiogenesis and elevated rCBV ratio (31) . The low-grade oligodendrogliomas have also been reported to show elevated rCBV ratio due to their inherent dense network of branching capillaries resembling a ''chicken wire ''pattern. Xu et al. found no significant difference in rCBV ratio between low-and high-grade oligo-dendrogliomas (32) . Lev et al. reported that 50% of low-grade oligodendrogliomas presented elevated rCBV ratio (29) .
Our study agrees with the studies by Lev et al. and Covarrubias et al. in rCBV ratio role for glioma grading but differs in cut-off values. For low-grade gliomas, they were ranging from 0.45 to 1.2 with mean value of rCBV 0.79 and rCBV ratio for high-grade gliomas ranging from 1.6 to 4.2 with mean value 2.62 & there was no HGG rCBV ratio less than 1.6 which agrees with Covarrubias et al. study.
The difference in values of cut-off between our study and the studies by Lev et al. and Covarrubias et al. was due to larger sample size & involving cases of LGG with high rCBV ratio that were not faced in our study.
In our study, rCBV were with high sensitivity & specificity reaching 100% for each in differentiation between HGG & LGG with cut-off value >1.2. rCBV cut-off value of (1.2) was considered as a sensitive & specific marker to predict high-grade gliomas as none of the examined low-grade gliomas showed rCBV higher than cut-off.
Though our study shows a good role for discrimination, the drawback in our study was a small sample size. We need further research & evaluation with a larger sample size & to do Meta analysis to be clinically applicable in the future. Regarding DTI (FA values), during determination of ROI to measure FA values, we should take in our consideration the values in contralateral area to calculate a corrected value as a ratio rather than a value. Also Computer-aided voxel-based semiautomated segmentation techniques may reduce the subjective bias inherent in manual ROI placement.
From the data obtained from our study, we can conclude that perfusion imaging is valuable in grading of cerebral gliomas by using the rCBV to give important information about the underlying neovascularity of the tumour regardless of the enhancement pattern of the lesion which agrees with Law et al., 2004 study (17) .
The use of MR DTI had an important role in the grading of brain gliomas as it was accurate in grading 24 cases of gliomas (sensitivity of 100% and accuracy 100%).
